From air-dried fruit bodies of Austroboletus gracilis two unique naphthalene derivatives were isolated and their structures elucidated by spectroscopic and synthetic methods. The chemotaxonomic importance of these compounds is discussed.
Introduction
Austroboletus gracilis (Peck) Wolfe, 1 the Graceful Bolete, is a beautiful mushroom which 1 H, 1 H-COSY spectrum, the doublet arises by coupling with the proton responsible for the broadened signal at δ H 7.88, thus indicating a meta-relationship. In addition, long-range couplings are observed which explain the broadening of the singlets at δ H 7.52 and 7.88. The 13 C NMR spectrum of austrogracilin A exhibits 11 signals in the range between 100 and 175 ppm, in agreement with the molecular formula. In addition to signals for four aromatic CHgroups at δ C 106.2, 106.3, 112.2, and 122.5, three quaternary aromatic C-atoms at δ C 125.0, 127.2, and 131.5 are visible. Further signals at δ C 149.0, 149.5, and 153.6 point to aromatic carbons carrying OH groups, and the signal at δ C 171.4 can be assigned to a carboxyl group. HSQC and HMBC experiments allowed the assignment of all 1 H-and 13 C-signals, and from the 1 H, 13 C-correlations illustrated in Figure 1 the structure of a 4,6,7-trihydroxy-2-naphthoic acid (1) can be proposed for austrogracilin A. It is supported by strong NOE correlations between the two peri-protons at δ H 7.19 and 7.88 in the NOESY spectrum. 4-Hydroxy-6,7-dimethoxy-2-naphthoic acid (2) is a known compound that can be prepared in three steps from veratraldehyde. 4 Demethylation of 2 with BBr 3 yielded 4,6,7-trihydroxy-2-naphthoic acid, which was identical with the natural product. The UV and IR spectra of austrogracilin A and B indicate a close structural similarity of both metabolites. The UV spectrum (MeOH) of austrogracilin B exhibits absorption maxima at 221, 261, and 323°nm, and in the IR spectrum strong bands at 3458 and 3233° (OH), 1687 (CO), and 1254°(OH) cm Figure 2 ) allowed the assignment of all signals and established structure 3 for austrogracilin B. Like austrogracilin A, 3 shows a strong NOE effect between the two peri-protons in the NOESY spectrum. Methylation of austrogracilin B (3) with diazomethane yielded the known permethyl derivative 4. The latter has recently been obtained via an intriguing dimerization followed by oxidative cleavage of methyl 3,4-dimethoxycinnamate. 5 The spectroscopic data from naturally derived 4 agree very well with those reported for the synthetic material.
Conclusions
The occurrence of the unique naphthalene derivatives 1 and 3 in Austroboletus gracilis underlines the special taxonomic position of this genus within the Boletineae. Before considering these compounds as chemotaxonomic markers, further species of Austroboletus have to be studied. In a recent phylogenetic investigation based on DNA analysis, Bresinsky suggesting the presence of five hexose residues. Since most of the Boletales pigments are biosynthetically derived from L-tyrosine, 3 it is tempting to assume that this amino acid is also the precursor of the austrogracilins A (1) and B (3). On condensation of (3,4-dihydroxyphenyl)pyruvic acid with phosphoenol pyruvate, the naphthalenoid dihydroxydicarboxylic acid 5 could be formed, which might either lose two molecules of water to yield austrogracilin B (3), or undergo oxidation and dehydration to afford the quinone-methide 6 (Scheme 1). The latter could then deliver austrogracilin A (1) on decarboxylation. The possibility, however, that austrogracilin B (3) is formed by dimerization of 3,4-dihydroxycinnamic acid to a lignan with subsequent oxidative loss of a 3,4-dihydroxyphenyl residue cannot be excluded. A laboratory analogy for this process is available, 5 and the common occurrence of thomasic acid and its degradation product 6-hydroxy-5,7-dimethoxy-2-naphthoic acid in Ulmus thomasii 10 indicates that such reactions occur in nature. 
